Selected set of samples from JET-ILW divertor tiles exposed in 2011-2012 has been analysed using thermal desorption spectrometry (TDS). The highest amount of deuterium was found on the regions with the thickest deposited layers, i.e. on the High Field Gap Closure (HFGC) tile and on the apron and top part of Tile 1, which resides deep in the scrape-off layer. Outer divertor Tiles 6, 7 and 8 had nearly an order of magnitude less deuterium. The remaining fractions of D in the analysed samples at ITER baking temperature 350 o C are rather high implying that co-deposited films may be difficult to be de-tritiated. In these cases other cleaning techniques such as oxygen discharges, laser/flash lamp heating or arcdischarge cleaning may have to be considered. Experimental TDS spectra for samples from the top horizontal and sloping parts of Tile 6 were modelled using TMAP program.
Introduction
Erosion of the main chamber Be wall by hydrogen isotopes and other impurities leads to migration and deposition of Be together with hydrogen isotopes on the same or different area.
The resulting co-deposited layers will be the driving mechanism behind the accumulation of in-vessel tritium inventory in ITER. Regular periods of baking of the first wall and divertor at 240 and 350 o C will be implemented in ITER in order to keep the accumulation of tritium below the administrative safety limit of 700g. Fuel retention has thus a key role in economical and safe operation of a fusion device.
During the shutdown in 2009-2011 all the carbon-based plasma-facing components were replaced with the ITER-like wall (JET-ILW) [1] . For the JET-ILW, divertor comprises of W-coated carbon fibre composites (CFC) and load bearing tiles made of solid W. The main chamber is made of solid Be except for tiles not in direct plasma contact; they consist of Becoated Inconel and W-coated CFC. Gas balance and post-mortem measurements at JET have shown a factor of 10-20 reduction in the long term fuel retention resulting from the change of wall material from carbon (JET-C) to the JET-ILW material combination [2, 3] . Post-mortem analysis using the combination of various ion beam techniques (IBA), secondary ion mass spectrometry (SIMS) and thermal desorption spectrometry (TDS) gives a more accurate picture on both the total retained fuel amounts and its distribution in the torus. The present work continues the retention studies by analysing JET divertor tiles removed from the vessel after the 2011-2012 experimental campaign using TDS technique.
Experimental methods
The first JET-ILW campaigns in 2011-2012 were run with 19 hours of plasma corresponding to about 3500 pulses. Performance was gradually expanded with commissioning phases and a programme of combined scenario development with a strong 3 focus on ITER critical plasma-wall interaction issues. During the last two weeks of operations in July 2012, identical H-mode plasmas in deuterium were executed with the aim to study material migration and fuel retention under typical H-mode plasma conditions. In order to accumulate a significant divertor fluence of 5.25×10
26 Dm −2
, 151 identical discharges (B t = 2.0 T, I p = 2.0 MA, P aux = 12 MW) were executed.
The D concentrations were determined from a set of divertor tiles with a structure of CFC (bulk)/Mo (3μm)/W (12μm)/Mo (4μm)/W (4μm), except Tile 3 which had the Mo layer as the plasma-facing coating. The bulk W tile 5 was, however, not available. TDS manufactured by Hiden Analytical Ltd (TPD Workstation type 640100) was applied to a selected number of cored divertor tile samples (see Fig. 1 ) with a thickness of typically 1mm.
The details of the TPD system are reported in a companion paper [4] . Two discs were cut from the core samples and the D amounts in both discs were determined separately. The resulted TDS depth profile represents depths of 0 to 1 mm (W-coated sample) and 1.5 mm to 2.5 mm (bulk CFC sample). The offset of 0.5 mm is due to the thickness of the saw blade.
TDS analyses were made in an ultra-high vacuum (UHV) system with a base pressure of ~10 The D signal was calibrated with an ion implanted D reference sample [5] .
Results and discussion
A selection of 34 samples cut from the divertor tiles exposed in 2011-2012 has been analyzed with TDS. The tiles from which the samples were cut are: 14ING1C, 14ING3B, Table 1 ). IBA techniques [6] but no correlations between the peak positions and Be and C amounts have been observed whereas in Ref. [7] the peak positions were observed to shift to higher temperatures as a function of the Be amount. Deuterium is not desorbed only as a D 2 molecule but there is a significant release (~19% of the total D atoms released) of HD molecules at mass 3. In addition, the shape of the HD signal is similar to that of the D 2 signal.
H in HD molecule is mainly due to hydrogen in the vacuum of the TDS system because a test measurement of a clean bulk W sample indicated that the hydrogen background signal is high.
In addition, the JET samples contain hydrogen and typically there is a small H 2 peak above the background level in the H 2 signal. Some test measurements were also made, and bound traps whereas the higher temperature component could be due to release of high energy DD generated T atoms that are implanted deeper into the sample. The T release will be discussed further in ref. [3] . Release of Be is also observed starting at ~700 at./cm 2 for sample 1 (see Table 1 ). In ref. [8] deuterium desorption was investigated in various W coatings. The TDS spectra from plasmafacing surface of Tile 1 are quite similar to TDS spectra for CMSII W coatings in ref. [8] .
Baldwin [7] has investigated D release from Be layers and he observed main release in the range on 200 -240 o C depending on the thickness of the Be layer. The TDS spectra from Tile 1 do not thus resemble TDS spectra from clean Be but they are similar those for CMSII W coatings. The co-deposited layers on the JET samples and the W coatings contain C, O and Ni impurities [9, 10] which may change the desorption properties. In addition, it has been observed with IBA and secondary ion mass spectrometry (SIMS) that there is D deeper in the samples so D release occurs both from Be co-deposit and W layer [11] . Bulk CFC samples , respectively (see Table 1 ). In Ref. [6] the peak positions were observed to shift to higher temperatures as a function of Be amount. Also the C content is higher on sample 8 than on sample 1 (see Table 1 ). Sample 5 has the highest Be amount (~5.9 x 10 18 at./cm 2 ) and the C content is also higher than in other TDS samples from Tile 6 which most likely has some effect on the desorption of D (see Table 1 ). Table 1 ).
In the case of Tile 8 there is some deposition at the bottom of the tile that changes to small erosion towards the top of the tile. Sample 2 (D amount 6.5 x 10 17 at./cm 2 , see Table 1) from bottom of Tile 8 is located in the deposition zone whereas sample 6 (D amount 1.1 x 10 18 at./cm 2 ) is from the erosion zone. Be and C amounts are, however, somewhat higher for sample 6 than for sample 2 (see Table 1 ). The TDS spectra for samples from Tile 8 are fairly broad with two desorption maxima located at ~310 and 463 o C for sample 2 and at ~285 and 396 o C for sample 6 (see Fig. 3 ), respectively. The first peak is located clearly at lower temperature than the D release peaks for samples from Tile 7. other cleaning techniques such as oxygen discharge, laser/flash lamp heating or arc-discharge cleaning [13] may have to be considered. Sugiyama [14] has also observed that baking will not remove efficiently tritium from the co-deposited layers grown at comparable or higher temperature than the baking temperature.
TMAP calculations
A first attempt of the modelling of desorption rates during TDS performed to JET-ILW samples has been done by using TMAP7 [15] . TMAP is a 1-D model which can include several atomic species and several H isotopes and which takes into account many mechanisms such as radioactive decay, dissociation and recombination rates at the surface, heat source and heat diffusion. For this work, we used a simplified model based on the properties of perfect W 9 and we introduced 3 types of traps whose concentrations and trapping properties were adjusted to reproduce the TDS spectra. The D concentration in traps results from trapping and detrapping. The rate for detrapping, i.e. release rate depends on temperature as exp(-E a /kT) where E a is the activation energy to detrap and is the sum of the binding energy and the migration energy. As a result, the D diffusion in the perfect material is affected by the trapping and detrapping events. Traps 1 and 2 are set as Gaussian concentration profiles with an initial D filling of 100%, while the third trap is described with a constant trap profile with a Gaussian-shaped D filling profile (see Table 2 ). The diffusion coefficient is 3.39 ×10 [18] where these are attributed to D release from saturated and unsaturated vacancy clusters, respectively, while trap 3 binding energy agrees with trapping property of C and O in W [19] . Reasonable agreement between experimental and TMAP calculations was obtained. 
Conclusions

